Radio-opaque markers have a well established role in distinguishing between patients with normal and those with slow intestinal transit, but in the latter group their accuracy in defining the region of delay has not been established. To study regional colonic transit accurately the transit of a radioisotope labelled meal was determined and findings were compared with those of simultaneously ingested radio-opaque markers. Twelve healthy controls (mean age 33 years) and 12 severely constipated women (mean age 36 years, bowel frequency<once per week) were studied On day 1, a meal containing 10 MBq ."In bound to 0-7 mm resin microspheres was ingested. Subjects also ingested a set of radiologically distinguishable markers on three successive days. Abdominal scans were obtained three times daily for 7 days. Abdominal radiographs were obtained after 72 or 96 hours and again at 144 or 168 hours. Eight 'regions of interest' were created -one for the small bowel, six for the colon, and one for excreted stool. The constipated patients all showed colonic transit outside the normal range, with a variable site of delay demonstrated by time activity curves for each region. To provide a different measure of the effectiveness of colonic transport, the movement ofthe 'centre ofmass' for the radioisotope and for the markers was then determined. The radioisotope and radiopaque marker methods gave similar results. At all times between 24 and 144 hours there was no significant difference for the position of the centre of mass between the radio-opaque and marker methods. At all times, however, the mean difference between the markers and the radioisotopes was positive, indicating that the centre of mass of the markers was always ahead of that of the radioisotope. The mean difference between the methods was never greater than one region of interest, and ranged from 12 to 72% of one region of interest in the colon. The difference between these two methods could reach up to two colonic segments in certain patients at one time. Radioisotope ingestion provides accurate information about the transit through individual colonic regions because of the possibility of frequent observations and the clear delineation of the entire colon. Although these features were not obtained with radioopaque markers, they are suitable as a screening test for the presence and pattern of colonic delay.
Abstract
Radio-opaque markers have a well established role in distinguishing between patients with normal and those with slow intestinal transit, but in the latter group their accuracy in defining the region of delay has not been established. To study regional colonic transit accurately the transit of a radioisotope labelled meal was determined and findings were compared with those of simultaneously ingested radio-opaque markers. Twelve healthy controls (mean age 33 years) and 12 severely constipated women (mean age 36 years, bowel frequency<once per week) were studied On day 1, a meal containing 10 MBq ."In bound to 0-7 mm resin microspheres was ingested. Subjects also ingested a set of radiologically distinguishable markers on three successive days. Abdominal scans were obtained three times daily for 7 days. Abdominal radiographs were obtained after 72 or 96 hours and again at 144 or 168 hours. Eight 'regions of interest' were created -one for the small bowel, six for the colon, and one for excreted stool. The constipated patients all showed colonic transit outside the normal range, with a variable site of delay demonstrated by time activity curves for each region. To provide a different measure of the effectiveness of colonic transport, the movement ofthe 'centre ofmass' for the radioisotope and for the markers was then determined. The radioisotope and radiopaque marker methods gave similar results. At all times between 24 and 144 hours there was no significant difference for the position of the centre of mass between the radio-opaque and marker methods. At all times, however, the mean difference between the markers and the radioisotopes was positive, indicating that the centre of mass of the markers was always ahead of that of the radioisotope. The mean difference between the methods was never greater than one region of interest, and ranged from 12 to 72% of one region of interest in the colon. The difference between these two methods could reach up to two colonic segments in certain patients at one time. Radioisotope ingestion provides accurate information about the transit through individual colonic regions because of the possibility of frequent observations and the clear delineation of the entire colon. Although these features were not obtained with radioopaque markers, they are suitable as a screening test for the presence and pattern of colonic delay.
(Gut 1993; 34: 402-408)
The use of radio-opaque markers to measure whole gut transit time has proved to be of great clinical value,' since the first description of their use more than 20 years ago. The ingestion of radio-opaque markers together with a single addominal radiograph allows the distinction between those patients in whom intestinal transit is normal and those in whom it is prolonged.' More recently, this technique has been extended, in an attempt to assess the transit time through different segments of the large bowel.2 While the quantification of regional colonic transit with infrequent radiographs has been validated in healthy subjects,5 the same is not true for patients with severe constipation. Yet this unvalidated method has been used to determine regional colonic delay in constipated subjects, and to choose subsequently different forms of therapy according to the results.6 While the choice of treatments based on differences in regional colonic transit may be appropriate, we felt that the methods currently used to define those differences in transit had not been adequately validated.
There is good theoretical evidence to support the view that the altered colonic motility in constipated patients will lead to an incorrect assessment of the site of colonic delay if radioopaque markers are used together with infrequent radiographs. Studies using colonic manometry together with instillation of radioisotopes have shown that high pressure peristaltic mass movements are normally responsible for most of the transport of colonic contents7-9. Studies of colonic regional transit using markers and infrequent radiographs assume that colonic transport is continuous -with normal subjects having approximately six of these propulsive events per 24 hours, this assumption is reasonable. "' In severely constipated subjects, however, these mass movements are considerably decreased in frequency,'°suggesting that infrequent radiographs may be misleading. For example, in a patient with mass movements every few days only, the result would be very different if a radiograph were taken just before or just after such an event.
Our intention was to evaluate the use of radioisotopes in quantifying regional colonic transit, using an easily prepared meal which incorporated a radioisotope of suitably long halflife. Radioisotopes are well suited to studying regional gut transit -they allow an unlimited regions. We wished to apply this to a homogenous group of severely constipated patients. (Fig 1) and is approximately 3 to 4 mm in length or diameter.5 The ingested meal was used to assess gastric and small bowel transit; these data have been published elsewhere. '5 Six hours after the meal subjects were allowed to eat and drink freely for the duration of the study. No subject was permitted to take any laxative, enema, or other medication till the study was completed.
Methods

COLONIC SCANNING AND RADIOGRAPHS
The subjects stood in front of a large field of view gamma camera (Siemens ZLC 7500, Germany) which images the whole abdomen. The gamma camera was fitted with a medium energy parallel collimator and peaked for 247 KeV where n=frame number, i=number of region of interest, (in the order originally designated) ci=count within the region i.
Radio-opaque marker studies Using the two radiographs it was possible to determine the position of each set of markers at two different times after their ingestion. Combining the data for three different markers it was therefore possible to determine the position of one of the sets of 20 markers at six different times after marker ingestion and the beginning of the study. For each set of markers on each of the two radiographs, their position was determined according to the same eight regions of interest, and the COM determined for each set using the same calculation.
The COM of the radio-opaque markers was determined for each 24 hour period by the same formula used for the radioisotope (see above). For the value 24 hours previous to a radiograph, the position of the markers taken 24 hours previously was assessed. Similarly the COM was determined for markers taken 48 hours previously, and so on. As three sets of markers were taken initially and two radiographs taken, six 24 hour periods of data after the start of the study could be obtained. 6-6(4-9-8-0)
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The difference between the two methods never reach a statistically significant difference (p always greater than 0-05, one way analysis of variance).
STATISTICAL ANALYSIS
The normal range derived from the healthy control subjects for the COM was determined by taking the lowest and highest values for healthy controls at each time point. This is presented graphically in Figure 4 . To determine the accuracy ofthe radio-opaque markers in showing regional transport, a comparison was made between the COM for the radioisotope and for the radio-opaque markers at 48, 72, 96, 120, and 144 hours after the beginning of the study. No comparison has been made between the markers and radioisotope for 24 and 168 hours after ingestion as the marker data are only available in too small a number of patients (five patients). For other times, the data are complete for comparison. This comparison has only been made in the constipated subjects, as in healthy controls most of the markers had been passed at the time of the first radiograph.
The comparison has been made using one way analysis of variance testing the zero hypothesis that the two methods are the same. At each time the difference between the two methods has also been expressed as the mean difference between the two methods (Table) . RADIATION 
DOSE
The calculated whole body radiation from the "'In was between 3 0msV (0-06 rad) and 9 0 mSv (0-18 rad), depending on the time the radioisotope spend in the colon and 10 mSv from the two abdominal radiographs."8 Results All subjects completed the study. All normal subjects had a bowel movement with loss of radioisotope within 48 hours. All the controls had passed all the radioisotope within 103 hours of the start of the study, with an average of 2 5 bowel movements. None of the constipated patients cleared all the isotope within this period.
All the constipated subjects retained more than 20% of the radio-opaque markers at 96 hours, confirming overall delayed gastrointestinal transit. ' Four patients had no bowel action for the duration of the study; the other eight patients had an average of 1-8 bowel actions over the 7 day period.
In all healthy and constipated subjects all of the radioisotope was in the colon at 24 hours after ingestion.
The progression of the COM of the radioisotope was abnormally prolonged in all 12 patients (Fig 4) .
The movement of the COM of the radioisotope for each constipated subject is shown in Figure 4 . The normal range derived from the healthy subject is shown as a shaded area in Figure 4 . Patients showed a spectrum of abnormal transit. In four patients there was slow initial transit and the COM remained at the level of the transverse colon at 96 hours. Two of these patients had movement of the COM of radioisotope to the rectosigmoid at 96 and 120 hours associated with one bowel movement during the study; the other two patients did not have further progression of Figure 5 . The most marked differences were seen when bowel actions were infrequent but occurred between radiographs.
A comparison was made between the COM I § § | calculated from the radio-isotopes studies and 72 96 120 144 168 from the marker studies in constipated subjects Time (h) ( Table) . No significant difference was found between the two methods at all times. However, at everv time the mean difference between the )tope and did not have a bowel movement radio-opaque markers and radioisotopes was g the study. In five patients there was also positive. In individual patients the difference at a nitial transit but the COM of radioisotope certain time point could reach up to two regions iaximum delay in the descending colon, of interest. Figure 6 shows a comparison of the nost of the radioisotope (and therefore the mean data for markers and radioisotope in the being found there at 96 hours. Two of constipated patients. these patients did not have a bowel movement during the study. In three patients the rate of~~~' hours. All these patients had two bowel move-obtained with a low radiation dose. Scans taken ments during the study. There was no clinical three times per day allow easy determination of regional colonic radioisotope localisation. To obtain similar information using radio-opaque markers would require daily radiographs, which involves a much higher radiation dose. Unlike previous studies which involved peroral intubation of the caecum to deliver the radioisotope," we have shown that it is possible * to deliver the radioisotope in a physiological way, _ " so that it becomes incorporated into, and evenly distributed within, the colonic content. Krevsky et al'6 studied regional colonic transit in constipated subjects using radioisotope instilled into the caecum by a peroral tube. This allowed a clear distinction between those patients which apparently slow transit throughout the colon and those with delay in the distal large bowel only.'6 However the effect of the tube on intestinal motility is unknown. Strivland et all9 studied eight patients with severe constipation and five healthy controls, but one of the patients had a previous diagnosis of chronic idiopathic intestinal pseudo-obstruction. They used a coated capsule to release the radiosotope in the ileocaecal region. The site of delayed colonic transit varied in individual patients, a finding similar to our own.
There are several ways that radioisotope transit data from the colon can be analysed. The COM gives a simple overall numerical measure of the rate of transport but does not indicate whether the radioisotope is fragmented in different regions or is moving as a single bolus. Nor does it provide a measure of transit through each region. However, this latter type of precise quantitative information about the transit through a particular colonic region can be obtained from time activity curves as shown in Figure 3 .
Without daily radiographs the marker data at 48 and 72 hours (if a radiograph is taken at 96 hours) or 24 and 48 hours (if a radiograph is taken at 72 hours) is necessarily extrapolated from these later radiographs. This is unlikely to be as accurate as real observations which can be obtained using a radioisotopic method. The radio-opaque markers do not provide accurate data on transit through each colonic region. This is important for research studies, but the value of these observations in clinical practice remain to be proven.
In practice, the radioisotope and radioopaque marker methods of regional transit gave very similar results when determining the COM. At most, there was the equivalent of one ROI difference in the mean data for the location of the COM. As a simple test, therefore, the use of radio-opaque markers to determine the pattern of colonic transit seems justified.
Because of the frequency of observations in real time with the radioisotope and its physiological incorporation into the gut content, we would regard it as reliable and therefore the gold standard in measurements of colonic transit.
A further advantage of using a radiolabelled meal is the ability to study gastric emptying and small bowel transit as part of the same study. In view of the panenteric motility disturbance in many of these patients.'5 21 22 we believe that this is important.
Some differences in transport between the markers and radioisotope may be the result of a true difference in the rate of transport of the two types of particle. Hinton et al' compared the rate of passage of radio-opaque markers with that of 5'Cr-labelled sodium chromate. They found that the transit time for the first appearance of markers and radioisotope in the stool were very similar, but that the transit time for the bulk of radio-opaque markers was shorter than for radioisotope. Stivland et alt' also compared radioisotope with radio-opaque markers and found that the latter were consistently faster in their transit though the right colon than the radioisotope. While this may be a true reflection of a difference between the two methods, it may also reflect a difference in calculations -the marker data was derived from infrequent radiographs.
An additional difference between the two methods relates to anatomical localisation. In radioisotope studies the concentration of radioisotope in different colonic regions can be easily determined by examining sequential scans. In the plain radiograph used for marker studies there is often overlap of bowel segments, making precise localisation of all markers difficult or inaccurate.
This study has highlighted the disturbances of colonic transit which occur in patients with severe idiopathic constipation. Many of these patients also show disturbances of pelvic floor coordination23 but it is not well established whether these contribute pathophysiologically to the abnormality in colonic motility.24
Radio-opaque markers and two radiographs provide a reasonable screening test to determine whether whole gut transit is prolonged and to assess the pattern of colonic regional transit, despite our initial reservations. The difference in determining regional delay between radioisotope and markers represents approximately one colonic segment. For routine evaluation this difference may be unimportant, but if the results are used to determine segmental resection,25 for example, then it may be necessary to use the more precise radioisotope method of defining transit through each region with time-activity curves. The accuracy of radioisotope methods for measuring regional transit may be necessary for research purposes and to determine the effectiveness of therapies based on localised colonic or rectal abnormalities. 
